To compare the clinical outcomes of 2 procedures, closed or mini-open reduction with percutaneous pinning (ORPP), for the treatment of supracondylar fractures of the humerus in children.
Introduction
Supracondylar fracture of the humerus is the most common elbow injury in children. [1, 2] Most of these fractures are treated with closed reduction followed by percutaneous pinning (CRPP); [1, 3] however, the clinical outcome is occasionally deteriorated by postoperative complications such as cubitus varus deformity, restricted range of motion (ROM), pin tract infection, or neurovascular disturbance. [3] [4] [5] Cubitus varus deformity is the most common residual deformity after supracondylar fracture of the humerus in children. [3] [4] [5] Cubitus varus deformity is caused by residual internal rotation and/or medial displacement of the fracture fragment due to the failure of anatomical reduction. [3, 6, 7] The cause of failure of anatomical reduction is usually due to the entrapment of structures between the fracture fragments; these trapped structures include the brachialis muscle, joint capsule, and neurovascular bundle. [8] [9] [10] Open reduction with percutaneous pinning (ORPP) is an accepted treatment option for open, severely displaced, irreducible, and neglected fractures of the distal humerus. [3, 5, [8] [9] [10] [11] [12] [13] [14] [15] [16] When failure of anatomical reduction occurs due to structures being caught between the fracture fragments, ORPP provides precise anatomical reduction by enabling the direct removal of the trapped structures. [8, 9] However, ORPP reportedly results in several complications, including a higher risk of infection than in closed reduction, restriction of ROM, and possible unsightly and/ or painful scarring. [8, 12, 14, 16] To prevent complications due to conventional ORPP, ORPP using a miniature incision in the anterior cubital skin crease (mini-open reduction through the anterior approach with percutaneous pinning [mini-ORPP]) has been reported. [17, 18] Mini-ORPP also reportedly results in a satisfactory clinical outcome for supracondylar fracture of the humerus in children. [18] However, no study has yet compared the radiological evaluations of CRPP versus mini-ORPP. In the present study, the clinical results and radiographic changes were compared between 2 treatment groups (CRPP and mini-ORPP), and the cause of the occurrence of cubitus varus deformity is discussed.
Methods
This retrospective case series evaluated pediatric patients aged less than 15 years who underwent surgery for displaced supracondylar fracture of the humerus between April 2004 and March 2013 in our institution and related hospitals. Demographic, medical history, imaging, and follow-up data were extracted from the medical records. The present study was a retrospective, human, non-interventional study. Public Health Japanese Law states that human, non-interventional studies do not require approval from an institutional review board. However, in accordance with ethical considerations, informed consent was obtained from both the guardians and the patients themselves who were selected for inclusion in the present study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
Patients
We retrospectively reviewed pediatric patients aged less than 15 years who underwent surgery for displaced supracondylar fracture of the humerus. The mean age at the time of surgery was 5.4 ± 2.9 (range 1-14) years. Supracondylar fractures were defined in accordance with the Gartland classification system, which divides fractures into 3 types based on the degree of displacement; type 1: undisplaced, type 2: displaced with an intact posterior cortex, and type 3: displaced with no cortical contact. We excluded patients with Gartland type 1 (nondisplaced) fracture with associated bony injuries in the ipsilateral limb, and those with incomplete data. Patients were included if they were followed up postoperatively for at least 3 months.
The patient characteristics are shown in Table 1 . Twenty patients were male (59%) and 14 were female (41%). The fractured elbow was the left in 16 (47%) patients and the right in 18 (53%). From 2004 to 2007, closed reduction with percutaneous pinning (CRPP) had performed, but postoperative varus deformity was observed in a patient. Therefore, since 2008, mini-ORPP had performed. Based on the procedure performed, the patients were divided into 2 groups: the CRPP group (n = 21), and the mini-ORPP group (n = 13). Preoperative neurological disturbance occurred in 3 of 21 patients in the CRPP group (affecting the radial nerve in 2, and the ulnar nerve in 1), and 5 of 13 patients in the mini-ORPP group (affecting the radial nerve in 2, the median nerve in 1, and the ulnar nerve in 2). There were no significant differences between groups regarding age, sex, affected side, interval between injury and surgery, follow-up duration, Gartland classification, and preoperative neurological disturbance.
Surgical procedures
Surgery was performed under general anesthesia by a hand surgeon in all 34 patients. The CRPP group were in the prone or lateral position intraoperatively and underwent closed reduction using a reduction bar, followed by percutaneous pinning. The surgeon applied traction to the limb with elbow flexion using a traction bar while the assistant applied counter-traction to the distal humerus (Fig. 1A) . The mini-ORPP group were in the supine position intraoperatively and underwent mini-open reduction via the anterior approach followed by percutaneous pinning. The anterior approach through a 2.5 cm incision in the anterior cubital crease was used for the mini-open reduction. The surgeon used a finger to remove the structures that were caught between the fracture fragments and then applied traction to the limb with the elbow extended and maintained the alignment of the fracture fragment with the left thumb while the assistant flexed the patient's elbow (Fig. 1B) . For percutaneous pinning, the surgeon confirmed that the fracture was appropriately reduced, and then percutaneously inserted 2 or 3 crossed Kirschner wires into the distal humerus under visualization using an X-ray image intensifier. After percutaneous pinning, the Baumann's angle (BA) was measured on both perioperative radiography and the image intensifier, and anatomical fracture reduction was confirmed.
In all patients, the wires were bent back and left unburied on the skin to enable wire removal in the outpatient clinic. A long arm fiberglass cast with the elbow flexed at 90°was used in all patients for 4 weeks, after which the wires were removed in the outpatient clinic.
Postoperative evaluation
Radiographic imaging evaluation, ROM of the elbow joint, and postoperative complications (iatrogenic nerve injuries, infection, and cubitus valgus or varus deformity) were investigated. The BA and the carrying angle (CA) were calculated on anteroposterior Table 1 Demographic data for pediatric patients with displaced supracondylar fractures of the humerus.
CRPP group (n = 21)
Mini-ORPP group (n = 13) P value Age (years), mean ± SD 5. radiographs to evaluate the deformity of the humerus. [19] Postoperative cosmetic and functional outcomes were assessed using the clinical criteria described by Flynn et al, [20] which involves evaluation of the elbow ROM and the CA (Table 2 ).
Statistic analysis
All statistical analyses were carried out using SPSS 18 software (SPSS Inc., Chicago, IL). Data are displayed as mean ± standard deviation. Continuous normally-distributed variables were compared using Welch t test, while continuous non-normally distributed variables were compared using the Mann-Whitney U test. The Fisher exact test was used for the comparison of 2 independent groups. Differences among categorical variables were analyzed using the chi-squared test. P values less than .05 were considered statistically significant.
Results
Radiographic evaluations, ROM, Flynn's criteria, and the incidence of cubitus valgus deformity are shown in Table 3 .
Radiographic evaluation
There was no significant difference between the 2 groups in the BA of the unaffected elbow; however, compared with the mini-ORPP group, the CRPP group had a significantly larger BA of the injured elbow (P =.006), and a significantly larger increase in the BA of the affected elbow compared with the contralateral elbow (P =.003).
There was no significant difference between the 2 groups in the CA of the unaffected elbow and the CA of the injured elbow; The result was defined as poor in all cases of cubitus varus deformity. CA = carrying angle, ROM = range of motion. Open reduction was performed via the anterior approach, followed by percutaneous pinning with the patient in supine position. The anterior approach was used through an incision (2.5 cm) in the anterior cubital crease. After using the surgeon's finger to remove the structures caught between fracture fragments, the surgeon applied traction to the limb with elbow extension and maintained the alignment of the fracture fragments with the left thumb while the assistant flexed the elbow of the patient. Percutaneous pinning was then performed after anatomical reduction was obtained. however, compared with the mini-ORPP group, the CRPP group had a significantly greater loss of CA in the affected elbow compared with the contralateral elbow (P =.016).
Elbow ROM at final follow-up
There were no significant differences between groups in the ROM (Arc) of the injured elbow (P =.13, Table 3 ). In accordance with Flynn's criteria, the outcomes in the CRPP group were excellent in 12, good in 8, and poor in 1, while the outcomes in the mini-ORPP group were excellent in 12 and good in 1. There were no significant differences between the 2 groups in the incidences of excellent and good outcomes (P =.83, Table 3 ), or cubitus varus deformity (P =.83, Table 3 ). There were also no significant differences between groups in the distribution of the outcome in accordance with Flynn' criteria ( Table 4 ).
Complications
All preoperative nerve injures completely resolved spontaneously within 4 months in both groups. Although no patients experienced postoperative fracture displacement, pin tract infection, or neurovascular disturbance, 1 patient in the CRPP group had cubitus varus deformity.
Discussion
The present study compared and evaluated the clinical results and radiographic changes after treatment of supracondylar fracture of the humerus in pediatric patients via either the CRPP or the mini-ORPP. Regarding radiographic evaluation, the CRPP group had a significantly greater BA of the injured elbow, greater increase in the BA of the injured elbow compared with the contralateral elbow, and greater loss of CA in the injured elbow compared with the contralateral elbow than the mini-ORPP group; these results indicate that the CRPP group had a greater degree of postoperative varus deformity of the injured elbow than the mini-ORPP group. Perioperative measurement of the BA must be performed to minimize the risk of cubitus varus deformity; however, it is reportedly difficult to detect rotational displacement using an Xray image intensifier. [6] In our study, to eliminate uncertainty regarding the detection of rotational displacement, the BA after fixation was measured using both perioperative radiographs and an image intensifier, and the anatomical reduction of the fractures was confirmed. Nevertheless, the CRPP group had a significantly greater BA and smaller CA in the injured elbow compared with the contralateral elbow at the last follow-up radiological evaluation; this increase in the BA and decrease in the CA indicate that anatomical reduction was not obtained, and that fracture displacement remained. Thus, the detection of rotational displacement using radiographic examination is difficult, if not impossible. Relying on radiographic examination to detect rotational displacement will inevitably lead surgeons to overlook the failure of anatomical reduction of supracondylar fracture. In contrast, the mini-ORPP group had a negligible loss of CA, with the postoperative CA of the injured elbow being almost the same as that of the contralateral elbow; this indicates that mini-ORPP provides anatomical reduction of supracondylar fractures of the humerus. The reason anatomical reduction was obtained in Table 4 Clinical outcomes based on Flynn's criteria in the CRPP and mini-ORPP groups. almost all patients in the mini-ORPP group could be due to the following 2 reasons. First, mini-ORPP enabled precise reduction due to the removal of the inhibitory structures between the fracture fragments. Second, manual reduction with the surgeon's thumb enabled detection of fracture displacement and maintenance of anatomical reduction. Although ORPP is an accepted treatment for severely displaced, irreducible, and neglected fractures of the distal humerus, the open procedure reportedly has several complications, including a relatively greater risk of infection and ROM limitation compared with the closed procedure, and possible unsightly and/or painful scarring. [8, 12, 14, 16] However, the present results showed no harmful effects of open reduction, and there were no significant differences between the CRPP and mini-ORPP groups in terms of complications and the postoperative ROM of the elbow. Moreover, our study showed that the scars resulting from fracture treatment via the anterior approach through the cubital crease provided a high degree of cosmetic satisfaction from the patients. We believe that our results support the first-line use of the mini-ORPP procedure, as it is cosmetically and functionally satisfactory, and is less invasive than standard ORPP.
The present study had some limitations. The main limitation is the retrospective design, which is susceptible to bias compared with a prospective design. Although there was no difference between the 2 groups regarding patient background, a prospective randomized study is generally the ideal research method. However, the current study clearly showed that the mini-ORPPgroup achieved anatomical reduction compared with the contralateral side, while the CRPP group had inadequate reduction. Therefore, conducting a prospective, randomized study for the treatment of supracondylar fracture of the humerus in children is ethically inappropriate. Another limitation is the small sample size and short follow-up duration. Although the average follow-up in our study was 10 months, the minimum follow-up period was only 3 months. We believe that a longer follow-up duration would not change the results in most patients, but the increased BA or decreased CA might affect the alignment of the limb over the long-term. Therefore, longer follow-up periods are required to evaluate late deformity of the injured elbow.
Conclusion
To eliminate the possibility of postoperative cubitus varus deformity, mini-ORPP is an optimal procedure for the treatment of supracondylar fracture of the humerus in children.
